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METHOD FOR PRODUCING A RIGID POLYURETHANE FOAM 

Uhe present invention relates to a method for 
producing a rigid poiyurethane foam by reacting a polyol 
with a polyisocyanate in the presence of an amine 
catalyst, a blowing agent and other auxiliary agents, as 
the case requires. More particularly, it relates to a 
method for producing a rigid poiyurethane foam excellent 
in the flowability, thermal conductivity, moldability and 
dimensional stability of the foam, wherein as the blowing 
agent, 1,1,1, 3 , 3 -pentaf luoropropane (HFC-245fa) and/or 
1, 1, 1, 3 , 3-pentaf luorobutane (HFC-365mfc) is used, and as 
the catalyst, a reactive amine compound having at least 
one type of substituent selected from the group 
consisting of a hydroxyl group, a primary amino group and 
a secondary amino group in its molecule, or N-(2- 
dimethylaminoethyl) -N' -methylpiperazine, is used. 

Poiyurethane foams are widely used as flexible foams 
to be used for seat cushions for automobiles, mattresses, 
furnitures, etc., as semi-rigid foams to be used for 
instrument panels for automobiles, headrests, arm rests, 



etc., and as rigid foams to be used for electrical 
refrigerators, building materials, etc. 

In recent years, in the production of rigid 
polyurethane foams, it has been strongly required to 
improve the flowability and thermal conductivity of the 
foams with a view to reducing costs and saving energy. 
The reactions for forming a polyurethane foam mainly 
comprise two reactions i.e. a urethane group-forming 
reaction (gelling reaction) by a reaction of a polyol 
with an isocyanate, and a urea group-forming and carbon 
dioxide gas- forming reaction (blowing reaction) by a 
reaction of an isocyanate with water, wherein the 
catalyst gives a substantial influence not only over the 
rates of these reactions but also over the flowability, 
thermal conductivity, moldability, dimensional stability, 
physical properties, etc., of the foam. 

In the production of rigid polyurethane foams, 
dichloromonof luoroethanes (HCFCs) used to be employed as 
blowing agents. However, they have a problem of 
destroying the ozone layer. Under these circumstances, 
as a blowing agent to be substituted for them, 1,1,1,3,3- 
pentaf luoropropane (HFC-245fa) or 1,1,1,3,3- 
pentaf luorobutane (HFC-365mfc) has been proposed in 
recent years, which is free from the problem of 
destroying the ozone layer. Further, as a catalyst for 
the production of polyurethanes , it has been common to 
employ an organic metal catalyst or a tertiary amine 
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catalyst, and it has been commonly known that the 
tertiary amine catalyst can be an excellent catalyst for 
the production of po lyure thanes . Among tertiary amine 
compounds, those industrially used as catalysts for the 
production of polyurethanes include, for example, 
triethylene diamine, N, N, N ' , N ' -tetramethyl-1 , 6- 
hexanedi amine, bis ( 2 -dimethylaminoethyl ) ether , 
N,N,N' ,N" , N"-pentamethyldiethylenetriamine, ti- 
met hy^morpho line, and N- e thy lmorpho line. 

However, each of HFC-245fa and HFC-365mfc is hardly 
soluble in a polyol and is expensive, as compared with 
HCFC, etc., and accordingly, it can be used only in a 
small amount as mixed. Therefore, in a case where HFC- 
245 fa or HFC-3 65mfc is used as a blowing agent, when the 
above-mentioned tertiary amine catalyst is employed, the 
amount of water to be used increases, and there will be a 
problem that the foam tends to be inferior in the 
f lowability and thermal conductivity as compared with a 
rigid polyurethane foam obtained by using conventional 
HCFC or the like as the blowing agent. It has been 
strongly desired to overcome such a problem. 

The present invention has been made in view of the 
above problems, and it is an object of the present 
invention to provide a method for producing a rigid 
25 polyurethane foam, employing a catalyst which is capable 
of improving the fiowability, thermal conductivity, 
moldability and dimensional stability of the foam, even 
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when HFC-245fa or HFC-3 65mfc is used as the blowing 
agent . 

The present inventors have conducted an extensive 
study to solve the above problems and as a result, have 
found that. in a case where HFC-245fa or HFC-365mfc is 
used as a blowing agent, a rigid polyurethane foam 
excellent in the flowability, thermal conductivity, 
moldability and dimensional stability of the foam, can be 
obtained by using, as an amine catalyst, an amine 
compound having at least one type of substituent selected 
from the group consisting of a hydro xyl group, a primary 
amino group and a secondary amino group, or N-(2- 
dimethylaminoethyl) -N' -methylpiperazine . The present 
invention has been accomplished on the basis of this 
discovery . 

That is, the present invention provides a method for 
producing a rigid polyurethane foam, which comprises 
reacting a polyol with a polyisocyanate in the presence 
of an amine catalyst and a blowing agent, wherein as the 
amine catalyst, an amine compound having at least one 
type of substituent selected from the group consisting of 
a hydroxyl group, a primary amino group and a secondary 
amino group in its molecule, or N- (2-dimethylaminoethyl) - 
N' -methylpiperazine, is used, and as the blowing agent, 
1,1,1, 3 , 3-pentaf luoropropane (KFC-245fa) and/or 
1, 1, 1, 3, 3-pentaf luorobutane (KFC-365mfc) is used. 

Now, the present invention will be described in 



detail with reference to the preferred embodiments. 

In the present invention, the rigid polyurethane 
foam means a thermosetting foam having a highly 
crosslinked closed cell structure, as disclosed by Gunter 
Oertel, "Polyurethane Handbook" (1985), Hanser Publishers 
(Germany), p. 234-313 or Keiji Iwata "Polyurethane Resin 
Handbook" (1987), Nikkan Kogyo Shinbunsha, p. 224-283. 
The physical properties of the rigid urethane foam are 
not particularly limited. However, usually, the density 
is from 10 to 100 kg/m 3 , and the compression strength is 
within a range of from 50 to 1,000 kPa. 

In the present invention, the amine compound to be 
used as the catalyst, is an amine compound having at 
least one type of substituent selected from the group 
consisting of a hydroxy 1 group, a primary amino group and 
a secondary amino group in its molecule, or N- (2- 
dimethylaminoethyl) -N' -methylpiperazine . 

In the method of the present invention, the amine 
compound having at least one type of substituent selected 
from the group consisting of a hydroxyl group, a primary 
amino group and a secondary amino group in its molecule, 
is preferably an amine compound of the following formula 

(1) : 
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(1) 



wherein each of R t to R 7 which are independent of one 
another, is hydrogen, a Ci-i 6 alkyl group, a d- 16 aryl 
group, a C 2 - 6 hydroxyalkyl group, a C 2 - 6 aminoalkyl group, 
a C 2 -^ monomethylaminoalkyl group or a C 2 -e 
10 dimethylaminoalkyl group, each of n and m which are 

independent of each other, is an integer of from 1 to 11, 
and each of a and b which are independent of each other, 
is an integer of from 0 to 5 , provided that R 5 and Ri or 
R 2 may together form a cyclic compound having a 
15 piperazine structure, an imidazole structure or an 

imidazoline structure, or an amine compound of the 

following formula (2): 
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wherein each of Ri to R 8 which are independent of one 
another, is hydrogen, a C^is alkyl group, a Ci-is aryl 
group, a C 2 . s hydroxyalkyl group, a C 2 . 6 aminoalkyl group, 
a C 2 -5 monomethylaminoalkyl group, a C 2 -s 



dimethylaminoalkyl group or 

-C- (CH 2 )x-CH 3 
0 

wherein x is an integer of from 0 to 3 , each of n and m 
which are independent of each other, is an integer of 
from 1 to 11, and each of a and b which are independent 
of each other, is an integer of from 0 to 10, provided 
that R 7 and R x or R 2 may together form a cyclic compound 
having a piperazine structure, an imidazole structure or 
an imidazoline structure. 

In the amine compound of the above formula (1) , each 
of Ri to R 7 which are independent of one another, is 
preferably hydrogen atom, a methyl group, a hydroxyethyl 
group, a hydroxypropyl group, an aminoethyl group, an 
aminopropyl group, a monomethylaminoethyl group, a 
monomethylaminopropyl group, a dimethylaminoethyl group 
or a dimethylaminopropyl group, provided that R 5 and Ri 
or R 2 may together form a cyclic compound having a 
piperazine structure . 

Further, in the amine compound of the above formula 
(2) , each of Ri to R a which are independent of one 
another, is preferably a hydrogen atom, a methyl group, a 
hydroxyethyl group, a hydroxypropyl group, an aminoethyl 
group, an aminopropyl group, a monomethylaminoethyl 
group, a monomethylaminopropyl group, a 

dimethylaminoethyl group, a dimethylaminopropyl group or 
an acetyl group, provided that R 7 and Ri or R? may 



together form a cyclic compound having a piperazine 
structure . 

The amine catalyst to be used in the present 
invention is not particularly limited, so long as it 
belongs to the above-mentioned amine compounds. 
Specifically, it may, for example, be a primary amine 
compound, such as N, N-dimethylethylenediamine , N,N- 
dimethylpropylenediamine , N, N- 
dimet^yltetrame thylenediamine, N, N- 
dimethylpentamethylenediamine, N, N- 
dime thy Ihexame thylenediamine, N, N- 
dime thy lhep tame thy ienedianine, N, N- 
dimethyloctamethylenediamine, N, N- 
dimethylnonamethylenediamine, N, mi- 
dline thy Idee ame thy lenedi amine, N-methylethylenediamine, N- 
me thylpropylenediamine , N-methyltetramethylenediamine , N- 
methylpentamethylenediamine, N- 
me thy Ihexame thylenediamine , N- 
methylheptame thylenediamine , N- 

methyloc tamethylenediamine, N-methylnonamethylenediamine , 
N-methyldecamethylenediamine, N-acetylethylenediamine , N- 
acetylpropylenediamine, N-acetyltetramethylenediamine, N- 
ace tylpentame thylenediamine, N- 
acetylhexamethylenediamine, N- 
acetylhep tame thylenediamine, N- 

acetyloc tamethylenediamine, N- ace tylnoname thylenediamine, 
N-acetyldecame thylenediamine, N, N, N ' - 
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trimethyldiethylenetriamine, N,N,N' ,N"- 
tetramethyltriethylenetetramine, N,N,N' ,N",N" ' - 
petamethyltetraethylenepentamine, N , N , N ' , N" , N" ' , N" 
hexamethylpentaethylenehexamine, polyoxyethylenediamine 

5 of the formula: 

H 2 N-H 2 C-CH 2 -^-0— CH 2 — CH 2 ^-NH 2 

or polyoxypropylene diamine of the formula: 

• ? H * I ? H iL 

H 2 N-CH— CH 2 — VO— CH 2 — CH-/^NH 2 

a secondary amine compound, such as 

trimethylethylenediamine, trimethylpropylenediamine, 

trimethyltetramethylenediamine, 
10 trimethylpentamethylenediamine, 

tr imethylhexamethylenediamine , 

trimethylheptamethylenediamine , 

trimethyloctamethylenediamine , . 

tr imethylnonamethylenediamine , 
15 tr imethyldecamethylenediamine , 

tetramethyldiethylenetriamine , 

pen tame thy ltriethylenetetramine, 

hexamethyltetraethylenepentamine, 

heptamethylpentaethylenehexamine , bis (N, N- 
20 dimethylaminopropyl) amine or N-methylpiperazine; or an 

alkanol amine, such as N, N-dimethylaminoethanol, N,N- 

dimethylaminoisopropanol , N, N-dimethylaminoethoxyethanol , 
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N, N-dimethylaminoethoxyiscpropanol, N, N- 
dimethylaminoethoxyethoxyethanol, N, N- 
dimethylaminoethoxyethoxyisopropanoi , N, N- 
dimethylaminoethyl-N' -methylaminoethanol, N,N- 
dimethylaminoethyl-N' -methylaminoisopropanol , N,N- 
dimethylaminopropyl-N' -methylaminoethanol, N,N- 
dime thylaminopropyl -N ' -methylaminoisopropanol , N, N- 
dimethyl-N' - (2-hydroxyethyl) ethylenediamine, N,N- 
dimethyl-N' - (2-hydroxyethyl)propanediamine, N, N, N ' - 
trimethyl-N' -hydroxyethylbisaminoethyl ether, N, N, N ' - 
trimethyl-N' -hydroxyiscpropylbisaminoethyl ether, N,N- 
dimethylaminoethyl-N' -methylaminoethyl-N" - 
methylaminoethanol, N, N-dimethylaminoethyl-N ' - 
methylaminoethyl-N" -methylaminoisopropanol, N-- 
dimethylaminoethyl-N ' -methylaminoethyl-N" - 
methylaminoethyl-N" ' -methylaminoethanol , N, N- 
dimethylaminoethyl-N ' -methylaminoethyl-N" - 
methylaminoethyl-N"'' -methylaminoisopropanol, N,N-bis (3- 
dime thylaminopropyl) -N-isopropanolamine, N- (3- 
dime thylaminopropyl) -N, N-diisopropanolamine , N- (2- 
hydroxyethyl) -N' -methylpiperazine, N,N- 
dimethylaminohexanol, 5 -dime thy 1 amino -3 -methyl- 1- 
pentanol, 1- (2 ' -hydroxy ethyl) imidazole, l-(2'- 
hydroxypropyl) imidazole, 1- (2 ' -hydroxy ethyl) -2- 
me thy 1 imidazole or 1- ( 2 ' -hydroxypropyl ) -2- 
methylimidazole . 

Among these amine compounds, particularly preferred 
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from the viewpoint of high catalytic activities are, as a 
primary amine compound, N, N-dimethylethylenediamine , N,N- 
dimethylpropylenediamine, N, N- 

dimethylhexamethylenediamine, N-acetylethylenediamine, 
N, N, N ' -trimethyldiethylenetriamine, N, N, N' ,N"- 
tetramethyltriethylenetetramine, N,N,N' ,N" ,N" ' - 
pentamethyltetraethylenepentamine, N, N, N ' , N" , N" ' ,N" ff - 
hexamethylpentaethylenehexamine or 

polyq^cypropylenediamine; as a secondary amine compound, 
tr imethylethylenediamine , trimethylpropylenediamine , 
t rime thy lhexamethylenediamine, 
tetramethyldiethylenetriamine, bis (N,N- 

dimethylaminopropyl) amine or N-methylpiperazine ; and as 
an alkanol amine, N, N-dimethylaminoethanol , N,N- 
dimethylaminoisopropanol , N, N- dime thy laminoethoxyethanol , 
N, N-dimethylaminoethyl-N' -methylaminoethanol , N,N- 
dimethylaminopropyl-N' -methylaminoethanol, N, N, N ' - 
trimethyl-N' -hydroxyethylbisaminoethyl ether, N,N- 
dimethylaminoethyl-N' -methylaminoethyl-N" - 

methylaminoisopropanol , N, N-bis ( 3 -dimethylaminopropyl ) -N- 
isopropanolamine, N- (3 -dimethylaminopropyl) -N,N- 
diisopropanolamine, N- (2 -hydroxy ethyl) -N' - 
methylpiperazine, N, N-dimethylaminohexanol or 5- 
dimethylamino-3-methyl-l-pentanol . 

The amine compound of the above formula (1) to be 
used as the amine catalyst of the present invention can 
easily be produced by methods known in literatures- For 
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example, a method of reacting a diol with a diamine or 
reduction methylation of a monoamino alcohol or a 
diamine, may be mentioned. 

Further, the amine compound of the above formula (2) 
to be used as the amine catalyst of the present 
invention, can easily be produced by methods known in 
literatures. For example, a method of reacting a diol 
with a diamine, a method of amination of an alcohol, or a 
method of reduction methylation of a monoamino alcohol or 
a diamine, may be mentioned. 

Further, N- ( 2-dimethylaminoethyl) -N ' - 
methylpiperazine as the catalyst of the present 
invention, can easily be produced by methods known in 
literatures. For example, a method of reduction 
methylation of N- ( 2-aminoethyl ) piperazine or a method of 
reacting N-methylpiperazine with 2- (dimethylamino) ethyl 
chloride, may be mentioned. 

The amount of the amine catalyst used in the present 
invention is usually within a range of from 0.01 to 20 
parts by weight, preferably from 0.05 to 10 parts by 
weight, per 100 parts by weight of the polyol used. If 
it is less than 0.01 part by weight, the moldability of 
the foam tends to deteriorate, and the dimensional 
stability is likely to be poor. On the other hand, if it 
exceeds 20 parts by weight, not only the effect of the 
increase of the catalyst can not be obtained, but the 
flowability of the foam is likely to be poor. 
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The amine catalyst to be used in the method for 
producing a polyurethane of the present invention, is the 
above-mentioned amine compound, but other catalyst may be 
used in combination within a range not to depart from the 
present invention. As such other catalyst, a 
conventional organic metal catalyst, a metal salt of a 
carboxylic acid, a tertiary amine or a quarternary 
ammonium salt, may, for example, be mentioned. 

T^ae organic metal catalyst is not particularly 
limited so long as it is a conventional one. For 
example, stannous diacetate, stannous dioctoate, stannous 
dioleate, stannous dilaurate, dibutyltin oxide, 
dibutyltin diacetate, dibutyltin dilaurate, dibutyltin 
dichloride, dioctyltin dilaurate, lead octanoate, lead 
naphthenate, nickel naphthenate or cobalt naphthenate may 
be mentioned. 

The metal salt of a carboxylic acid may be any 
conventional one. For example, an alkali metal salt or 
an alkaline earth metal salt of a carboxylic acid may be 
mentioned. The carboxylic acid is not particularly 
limited and may, for example, be an aliphatic mono or 
dicarboxylic acid such as acetic acid, propionic acid, 2- 
ethylhexanoic acid or adipic acid, or an aromatic mono or 
dicarboxylic acid such as benzoic acid or phthalic acid. 
Further, as the metal to form the carboxylate, an alkali 
metal such as lithium, sodium or potassium, or an 
alkaline earth metal such as calcium or magnesium may be 



mentioned as a preferred example. 

The tertiary amine may be a conventional one and is 
not particularly limited. For example, a tertiary amine 
compound such as N, N, N ' , N ' - tetramethylethylenediamine , 
N,N,N' ,N' , -tetramethylpropylenediamine, N, N, N' , N" , N" - 
pentamethyldiethylenetriamine, N, N, N' , N" , N" -pentamethyl- 
( 3 -aminopropyl ) e thylenediamine , N, N , N ' , N" , N" - 
pentamethyldipropylenetriamine, N, N, N ' , N'- 
tetra^aethylguanidine, 1,3, 5-tris (N, N- 
dimethylaminopropyl) hexahydro-S- triazine, 1, 8- 
diazabicyclo [5.4.0] undecene-7 , triethylenediamine , 
N, N, N' , N ' -tetrame thy lhexame thylenediamine, N, N ' - 
dimethylpiperazine , dimethylcyclohexylamine , N- 
methylmorpholine, N-e thy Imorpho line , bis (2- 
dimethylaminoethyl) ether, 1-methylimidazole , 1,2- 
dimethylimidazole, l-isobutyl-2-methylimidazole or 1- 
dimethylaminopropylimidazole , may be mentioned. 

The quaternary ammonium salt may be a conventional 
one and is not particularly limited. For example, a 
tetraalkylammonium halide such as tetramethylammonium 
chloride, a tetraalkylammonium hydroxide such as 
tetramethylammonium hydroxide, or a tetraalkylammonium 
organic acid salt, such as tetramethylammonium 2- 
ethylhexanoate, 2-hydroxypropyltrimethylammonium formate 
or 2-hydroxypropyitrimethylammonium 2-ethylhexanoate, may 
be mentioned. 

The amine catalyst of the present invention may be 
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used alone or in combination with other catalysts, as 
described above. To prepare the mixture, the solvent 
such as dipropylene glycol, ethylene glycol, 1,4- 
butanediol or water, may be used, as the case requires. 
5 The amount of the solvent is not particularly limited, 
but preferably at most 3 times by weight relative to the 
total amount of the catalyst. If it exceeds 3 times by 
weight, it tends to influence the physical properties of 
the f^>am, and such is not desirable also from the 
10 economical reason. The catalyst thus prepared, may be 
used as added to the polyol, or various amine catalysts 
may be added separately to the polyol. There is no 
particular restriction as to the manner of its addition. 
The polyol to be used in the method of the present 

15 invention, includes, for example, conventional polyether 
polyols, polyester polyols, polymer polyols and further 
flame resisting polyols such as phosphorus-containing 
polyols or halogen-containing polyols. These polyols may 
be used alone or in a proper combination as mixed. 

20 The polyether polyols to be used in the method of 

the present invention, can be produced, for example, by 
an addition reaction of an alkylene oxide such as 
ethylene oxide or propylene oxide to a starting material 
which is a compound having at least two active hydrogen 

25 groups, such as a polyhydric alcohol such as ethylene 

glycol, propylene glycol, glycerol, trimethylol propane 
or pentaerythritol , an amine such as ethylenediamine, or 
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an alkanolamine such as ethanolamine or diethanolamine , 

for example, by a method disclosed in "Polyur ethane 

Handbook" edited by Gunter Oertel (1985), Hanser 

Publishers (Germany), p. 42-53. 

5 The polyester polyols to be used in the method of 

the present invention, may, for example, be those 

obtainable by a reaction of a dibasic acid with glycol, 

further a waste during production of nylon as disclosed 

in "Polyurethane Resin Handbook" edited by Keiji Iwata, 

10 (first edition published in 1987), THE NIKKAN KOGYO 

SHIMBUN, LTD., p. 117, tr imethylolpropane , a waste of 

pentaerythritol, a waste of a phchalate type polyester, 

and polyester polyols derived from treatments of such 

waste products. 
15 The polymer polyols to be used in the method of the 

present invention, may, for example, be polymer polyols 

obtained by reacting the above-mentioned polyether polyol 

with an ethylenically unsaturated monomer such as 

butadiene, acrylonitrile or styrene, in the presence of a 

20 radical polymerization catalyst. 

The flame resisting polyols to be used in the method 
of the present invention, may, for example, be 
phosphorus-containing polyols obtainable by adding an 
alkylene oxide to a phosphoric acid compound, halogen- 

25 containing polyols obtainable by ring opening 

polymerization of epichlorohydrin or trichlorobutylene 
oxide, and phenol polyols. 
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In the method of the present invention, a polyol 

having an average hydroxyl value of from 100 to 800 

mgKOH/g is preferred. Further preferred is a polyol 

having an average hydroxyl value of from 200 to 700 

5 mgKOH/g. 

The polyisocyanate to be used in the present 

invention may be a conventional polyisocyanate and is not 

particularly limited, and it may, for example, be an 

aromatic polyisocyanate such as toluene diisocyanate 

10 ( TDI ) , diphenylme thane diisocyanate (MDI), naphthylene 
diisocyanate or xylylene diisocyanate, an aliphatic 
polyisocyanate such as hexamethylene diisocyanate, an 
alicyclic polyisocyanate such as dicyclohexyl 
diisocyanate or isophorone diisocyanate, or a mixture 

15 thereof. Among them, preferred is TDI or its derivative, 
or MDI or its derivative, and they may be used in 
combination as a mixture. As TDI or its derivative, a 
mixture of 2,4-TDI and 2, 6 -TDI, or a terminal isocyanate 
prepolymer derivative of TDI, may be mentioned. As MDI 

20 or its derivative, a mixture of MDI and its polymer i.e. 
a polyphenyl-polymethylene diisocyanate, and/or a 
terminal isocyanate group- containing diphenylme thane 
diisocyanate derivative, may be mentioned. 

The ratio of such a polyisocyanate to the polyol is 
25 not particularly limited, but, as represented by an 

isocyanate index (i.e. isocyanate groups/active hydrogen 
groups reactive with isocyanate groups) # it is usually 
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preferably within a range of from 60 to 400. 

The blowing agent to be used in the method of the 
present invention is 1 , 1 , 1 , 3 , 3-pentaf luoropropane (HFC- 
245fa) and/or 1 , 1 , 1 , 3 , 3 -pentaf luorobutane (HFC-365mfc) . 
A mixture of HFC-245fa with water and/or a low boiling 
point hydrocarbon, or a mixture of HFC-3 65mfc with water 
and/or a low boiling point hydrocarbon, may also be used. 

As the low boiling point hydrocarbon, a hydrocarbon 
havir^r a boiling point of from 0 to 70°C is usually 
employed. Specifically, it may, for example, be propane, 
butane, pentane, cyclcpentane , hexane or HFC-227 such as 
1,1,1,2,3,3 , 3 -heptaf luoropropane (HFC-227ea) , HFC- 13 4 
such as 1, 1, 1, 2-tetraf luoroethane (HFC-134a) , or a 
mixture thereof . 

The amount of the blowing agent is determined 
depending upon the desired density and physical 
properties of the foam. Specifically, it is selected so 
that the density of the obtained foam will usually be 
from 10 to 200 kg/m 3 , preferably from 20 to 100 kg/m 3 . 

In the present invention, a surfactant may be used 
as a foam stabilizer, as the case requires. As the 
surfactant to be used, a conventional organic silicon 
type surfactant may, for example, be mentioned. 
Specifically, a nonionic surfactant such as an organic 
siloxane-polyoxyalkylene copolymer or a silicone-grease 
copolymer, or a mixture thereof, may, for example, be 
mentioned. The amount of such a surfactant is usually 
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from 0.1 to 10 parts by weight per 100 parts by weight of 
the polyol. 

In the present invention, a cross-linking agent or a 
chain extender may be incorporated, as the case requires. 
As the cross-linking agent or the chain extender, a 
polyhydric alcohol having a low molecular weight such as 
ethylene glycol, 1 , 4-butanediol or glycerol, an amine 
polyol having a low molecular weight such as 
diett^nolamine or triethanolamine , or a polyamine such as 
ethylenediamine, xylylenedi amine or methylenebis 
orthochloroaniline , may, for example, be mentioned. 

In the method of the present invention, a flame 
retardant may be employed, as the case requires. The 
flame retardant to be used may, for example, be a 
reactive flame retardant such as a phosphorus-containing 
polyol such as propoxylated phosphoric acid or 
propoxylated dibutylpyrophosphoric acid obtained by an 
addition reaction of phosphoric acid with an alkylene 
oxide, a tertiary phosphate such as tricresyl phosphate, 
a halogen-containing tertiary phosphate such as tris(2- 
chloroethyl) phosphate or tris (chloropropyl) phosphate, a 
halogen-containing organic compound such as 
dibromopropanol , dibromoneopentyl glycol or 
tetrabromobisphenol A, or an inorganic compound such as 
antimony oxide, magnesium carbonate, calcium carbonate or 
aluminum phosphate. Its amount is not particularly 
limited and may vary depending upon the required flame 
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retardancy. However, it is usually from 4 to 20 parts by 
weight per 100 parts by weight of the polyol . 

In the method of the present invention, a coloring 
agent, an aging-preventive agent or other known additives 
5 may also be incorporated, as the case requires. The 
types and the amounts of such additives may be usual 
ranges of such additives. 

The method of the present invention is carried out 
by rabidly mixing and stirring a mixed liquid having the 
10 above starting materials, then injecting it into a 
suitable container or mold, followed by foaming and 
molding. The mixing and stirring may be carried out by 
means of a common stirrer or an exclusive polyurethane 
foaming machine. As the polyurethane foaming machine, a 
15 high pressure, low pressure or spray type machine can be 
used. 

The product produced by the method of the present 
invention can be used for various applications. For 
example, it may be applied to a refrigerator, a freezer 
20 or a heat-insulating building material. 

Now, the present invention will be described in 
further detail with reference to Examples and Comparative 
Examples. However, it should be understood that the 
present invention is by no means restricted to such 
25 specific Examples. 

In the following Examples and Comparative Examples, 
the measuring methods for various measured items were as 



follows . 

Measured items for the reactivity 

Cream time: The time until the foam started to rise, 

was visually measured. 

Gel time: As the reaction proceeded, the time until 
the liquid substance was changed to the resin substance, 
was measured. 

Tack free time: The time until tackiness on the foam 
surface disappeared, was measured. 

Rise time: The time until the rise of foam 
terminated, was measured by visual observation. 
Flowability of the foam 

A predetermined amount of a mixed liquid was 
injected into an aluminum mold of 100x25x3.0 cm, and the 
length (cm) of the formed foam was measured. The longer 
the length of the foam, the better the flowability. 
Core density of the foam 

Free foaming was carried out by means of an aluminum 
mold of 50x50x4.5 cm, and the center portion of the 
formed foam was cut into a size of 20x20x3.0 cm, and the 
size and the weight were accurately measured, whereupon 
the core density was calculated. 
Thermal conductivity of the foam 

The center portion of a foam foamed in an aluminum 
mold i of 50x50x4.5 cm was cut into a size of 20x20x3.0 cm 
to obtain a test specimen, which was measured by ANACON 
model 83. 



Dimensional stability of the foam 

A foam foamed in an aluminum mold of 50x50x4.5 cm 
was held under a condition of -30°Cx48 hours, whereby the 
change in the thickness direction was measured. 
5 EXAMPLES 1 to 6 and COMPARATIVE EXAMPLES 1 to 5 

The poiyol, the blowing agent and surfactant were 
mixed in the mixing ratio as shown in Table 1 to prepare 
premix A. 48.6 g of premix A was taken into a 300 mfi 
polyethylene cup, and the catalyst shown in Table 1, was 
10 added in an amount such that the reactivity would be 6 0 

seconds as represented by the following gel time, and the 
temperature was adjusted to 10°C. A polyisocyanate 
liquid (MR-200) having the temperature adjusted to 10°C 
in a separate container, was put into the cup of premix A 
15 in an amount such that the isocyanate index (molar ratio 
of isocyanate groups/OH groupsxlOO) would be 110, and 
quickly stirred by a stirrer at 6,500 rpm for 3 seconds. 
The mixed solution obtained by stirring was transferred 
to a 2fi polyethylene cup adjusted to a temperature of 
20 4 0°C, whereupon the reactivity during foaming was 
measured. Then, the starting material scale was 
increased, and the mixed solution was put into a mold 
adjusted to a temperature of 40°C in the same manner, and 
foam molding was carried out. Upon expiration of 10 
25 minutes from the time when the mixed solution was 

introduced, the foam was removed from the mold. From the 
molded foam, the flowability, the core density, the 
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thermal conductivity and the dimensional stability of the 
foam, were evaluated. The results are shown in Table 2. 
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Physical properties of foam 
Flowability (cm) 

Core density (kg/m 3 ) 
Thermal conductivity (m 
W/mK) 

Dimensional stability (%) 



COMPARATIVE EXAMPLES 6 to 14 

The polyol, the blowing agent and surfactant were 
mixed in the mixing ratio as shown in Table 1 to prepare 
premix A. 48.6 g of premix A was taken into a 300 mfi 
polyethylene cup, and the catalyst shown in Table 1, was 
added in an amount such that the reactivity would be 60 
seconds as represented by the following gel time, and the 
temperature was adjusted to 20°C. A polyisocyanate 
liquid (MR-200) having the temperature adjusted to 20°C 
in a separate container, was put into the cup of premix A 
in an amount such that the isocyanate index (molar ratio 
of isocyanate groups/OK groupsxlOO) would be 110, and 
quickly stirred by a stirrer at 6,500 rpm for 3 seconds. 
The mixed solution obtained by stirring was transferred 
to a 2fi polyethylene cup adjusted to a temperature of 
40°C, whereupon the reactivity during foaming was 
measured. Then, the starting material scale was 
increased, and the mixed solution was put into a mold 
adjusted to a temperature of 40°C in the same manner, and 
foam molding was carried out. Upon expiration of 10 
minutes from the time when the mixed solution was 
introduced, the foam was removed from the mold. From the 
molded foam, the flowability, the core density, the 
thermal conductivity and the dimensional stability of the 
foam, were evaluated. The results are shown in Table 2. 

As is evident from Table 2, in the method for 
producing a rigid polyurethane foam employing 1,1,1,3,3- 



pentaf luoropropane (HFC-245fa) as a blowing agent, a foam 
excellent in the flowability, thermal conductivity and 
dimensional stability can be produced by using the amine 
compound of the present invention as a catalyst. 

Namely, Examples 1 to 6 are Examples in which rigid 
poiyurethane foams were produced by using the catalysts 
of the present invention. In each of them, a rigid 
urethane foam excellent in the flowability, thermal 
conductivity and dimensional stability, was obtained. 

Whereas, Comparative Examples 1 to 5 are Examples 
employing tertiary amine catalysts having no hydroxyl 
group, primary amino group or secondary amino group in 
their molecules, wherein the obtained foams were inferior 
in the flowability and thermal conductivity. Further, 
Comparative Examples 6 to 14 are Examples in which 1,1- 
dichloro-l-f luoroethano (HCFC-141b) was used as a blowing 
agent, and even if the amine compounds of the present 
invention were used as the catalysts, no distinct effects 
were observed in the flowability, thermal conductivity 
and dimensional stability of the foams. 
EXAMPLES 7 to 16 

The polyol, the blowing agent and surfactant were 
mixed in the mixing ratio as shown in Table 3 to prepare 
premix A. 48.6 g of premix A was taken into a 300 mS 
polyethylene cup, and the catalyst shown in Table 3, was 
added in an amount such that the reactivity would be 60 
seconds as represented by the following gel time, and the 
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temperature was adjusted to 10°C. A polyisocyanate 
liquid (MR-200) having the temperature adjusted to 10°C 
in a separate container, was put into the cup of premix A 
in an amount such thac the isocyanate index (molar ratio 
of isocyanace groups/OH groupsxlOO) would be 110, and 
quickly stirred by a stirrer at 6,500 rpm for 3 seconds. 
The mixed solution obtained by stirring was transferred 
to a 26 polyethylene cup adjusted to a temperature of 
40°C, ^whereupon the reactivity during foaming was 
measured. Then, the starting material scale was 
increased, and the mixed solution was put into a mold 
adjusted to a temperature of 40°C in the same manner, and 
foam molding was carried out. Upon expiration of 10 
minutes from the time when the mixed solution was 
introduced, the foam was removed from the mold. From the 
molded foam, the flowability, the core density, the 
thermal conductivity and the dimensional stability of the 
foam, were evaluated. The results are shown in Table 4. 
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COMPARATIVE EXAMPLES 15 to 2 4 

The polyol, the blowing agent and surfactant were 
mixed in the mixing ratio as shown in Table 3 to prepare 
premix A. 48.6 g of premix A was taken into a 300 mfl 
5 polyethylene cup, and the catalyst shown in Table 3, was 
added in an amount such that the reactivity would be 6 0 
seconds as represented by the following gel time, and the 
temperature was adjusted to 20°C. A polyisocyanate 
liquigi (MR-200) having the temperature adjusted to 2 0°C 
10 in a separate container, was put into the cup of premix A 
in an amount such that the isocyanate index (molar ratio 
of isocyanate groups/OH groupsxlOO) would be 110, and 
quickly stirred by a stirrer at 6,500 rpm for 3 seconds. 
The mixed solution obtained by stirring was transferred 
15 to a 2fi polyethylene cup adjusted to a temperature of 
40°C, whereupon the reactivity during foaming was 
measured. Then, the starting material scale was 
increased, and the mixed solution was put into a mold 
adjusted to a temperature of 40°C in the same manner, and 
20 foam molding was carried out. Upon expiration of 10 
minutes from the time when the mixed solution was 
introduced, the foam was removed from the mold. From the 
molded foam, the flowability, the core density, the 
thermal conductivity and the dimensional stability of the 
25 foam, were evaluated. The results are shown in Table 4. 
As is evident from Table 4, in the method for 
producing a rigid polyure thane foam employing 1,1,1,3,3- 



pentafluoropropane (HFC-245fa) as a blowing agent, a foam 
excellent in the flowability, thermal conductivity and 
dimensional stability can be produced by using the amine 
compound of the present invention as a catalyst. 

Namely, Examples 7 to 15 are Examples wherein rigid 
polyurethane foams were produced by using the catalysts 
of the present invention, and in each of them, a rigid 
urethane foam excellent in the flowability, thermal 
conductivity and dimensional stability, was obtained. 

Whereas, Comparative Examples 15 to 2 4 are Examples 
wherein 1 , 1-dichloro-l-f luoroethane (HCFC-141b) was used 
as a blowing agent, whereby even when the amine compounds 
of the present invention were used as catalysts, no 
distinct effects were observed with respect to the 
flowability, thermal conductivity and dimensional 
stability of the foams. 

EXAMPLES 17 to 19 and COMPARATIVE EXAMPLES 2 5 to 29 

The polyol, the blowing agent and surfactant were 
mixed in the mixing ratio as shown in Table 5 to prepare 
premix A. 48 . 6 g of premix A was taken into a 300 mfl 
polyethylene cup, and the catalyst shown in Table 5, was 
added in an amount such that the reactivity would be 60 
seconds as represented by the following gel time, and the 
temperature was adjusted to 10°C. A polyisocyanate 
liquid (MR-200) having the temperature adjusted to 10°C 
in a separate container, was put into the cup of premix A 
in an amount such that the isocyanate index (molar ratio 
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of isocyanate groups /OH groupsxlOO) would be 110, and 

quickly stirred by a stirrer at 6,500 rpm for 3 seconds. 

The mixed solution obtained by stirring was transferred 

to a 28 polyethylene cup adjusted to a temperature of 

5 40°C, whereupon the reactivity during foaming was 

measured. Then, the starting material scale was 

increased, and the mixed solution was put into a mold 

adjusted to a temperature of 40°C in the same manner, and 

foam molding was carried out. Upon expiration of 10 
v 

10 minutes from the time when the mixed solution was 

introduced, the foam was removed from the mold. From the 
molded foam, the flowability, the core density, the 
thermal conductivity and the dimensional stability of the 
foam, were evaluated. The results are shown in Table 6. 
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Reactivity (seconds) 
Cream time 
Gel time 
Tack free time 
Rise time 


Physical properties of foam 
Flowability (cm) 

Core density (kg/m 3 ) 
Thermai conductivity 

(mW/mK) 
Dimensional stability 



COMPARATIVE EXAMPLES 3 0 to 3 6 

The poiyol, the blowing agent and surfactant were 
mixed in the mixing ratio as shown in Table 5 to prepare 
premix A. 48.6 g of premix A was taken into a 300 mfl 
polyethylene cup, and the catalyst shown in Table 5, was 
added in an amount such that the reactivity would be 60 
seconds as represented by the following gel time, and the 
temperature was adjusted to 20°C. A polyisocyanate 
liouid (MR-200) having the temperature adjusted to 20°C 
in a separate container, was put into the cup of premix A 
in an amount such that the isocyanate index (molar ratio 
of isocyanate groups /OH groupsxlOO) would be 110, and 
quickly stirred by a stirrer at 6,500 rpm for 3 seconds. 
The mixed solution obtained by stirring was transferred 
to a 26 polyethylene cup adjusted to a temperature of 
40°C, whereupon the reactivity during foaming was 
measured. Then, the starting material scale was 
increased, and the mixed solution was put into a mold 
adjusted to a temperature of 40°C in the same manner, and 
foam molding was carried out. Upon expiration of 10 
minutes from the time when the mixed solution was 
introduced, the foam was removed from the mold. From the 
molded foam, the flowability, the core density, the 
thermal conductivity and the dimensional stability of the 
foam, were evaluated. The results are shown in Table 6. 

As is evident from Table 5, in the method for 
producing a rigid polyurethane foam employing 1,1,1,3,3- 



pentaf luoropropane (HFC-245fa) as a blowing agent, a foam 

excellent in the flowability, thermal conductivity and 

dimensional stability can be produced by using the amine 

compound of the present invention as a catalyst. 

Namely, Examples 17 to 19 are Examples wherein rigid 

polyurethane foams were produced by using the catalysts 

of the present invention, and in each of them, a rigid 

urethane foam excellent in the flowability, thermal 

conductivity and dimensional stability, was obtained. 
v 

Whereas, Comparative Examples 2 5 to 2 9 are Examples 
wherein common tertiary amine catalysts were used, 
whereby the foams were inferior in the flowability and 
thermal conductivity. Further, Comparative Examples 30 
to 36 are Examples wherein 1 , 1-dichloro-l-f luoroethane 
(HCFC-141b) was used as a blowing agent, whereby even 
when the amine compounds of the present invention were 
used as catalysts, no distinct effects were observed with 
respect to the flowability, thermal conductivity and 
dimensional stability of the foams. 

EXAMPLES 20 to 24 and COMPARATIVE EXAMPLES 37 to 48 

The polyol, the blowing agent and surfactant were 
mixed in the mixing ratio as shown in Table 7 to prepare 
premix A. 48.6 g of premix A was taken into a 3 00 mfi 
polyethylene cup, and the catalyst shown in Table 7, was 
added in an amount such that the reactivity would be 4 5 
seconds as represented by the following gel time, and the 
temperature was adjusted to 20°C. A polyisocyanate 
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liquid (MR-200) having the temperature adjusted to 20°C 
in a separate container, was put into the cup of premix A 
in an amount such that the isocyanate index (molar ratio 
of isocyanate groups/OH groupsxlOO) would be 110, and 
quickly stirred by a stirrer at 6,500 rpm for 3 seconds. 
The mixed solution obtained by stirring was transferred 
to a 2fi polyethylene cup adjusted to a temperature of 
40°C, whereupon the reactivity during foaming was 
measured. Then, the starting material scale was 
increased, and the mixed solution was put into a mold 
adjusted to a temperature of 40°C in the same manner, and 
foam molding was carried out. Upon expiration of 10 
minutes from the time when the mixed solution was 
introduced, the foam was removed from the mold. From the 
molded foam, the flowability, the core density, the 
thermal conductivity and the dimensional stability of the 
foam, were evaluated. The results are shown in Table 8. 
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As is evident from Table 8, in the method for 
producing a rigid polyur ethane foam employing 1,1,1,3,3- 
pentafluorobutane (HFC-365mfc) as a blowing agent, a foam 
excellent in the flowability, thermal conductivity and 
dimensional stability can be produced by using the amine 
compound of the present invention as a catalyst. 

Namely, Examples 20 to 24 are Examples wherein rigid 
polyurethane foams were produced by using the catalysts 
of the present invention, and in each of them, a rigid 
urethane foam excellent in the flowability, thermal 
conductivity and dimensional stability, was obtained. 

Whereas, Comparative Examples 37 to 40 are Examples 
employing tertiary amine catalysts having no hydroxyl 
group, or primary or secondary amino group in their 
molecules, whereby the foams were inferior in the 
flowability and thermal conductivity. Further, 
Comparative Examples 41 to 48 are Examples in which 1,1- 
dichloro-l-fluoroethane (HCFC-141b) was used as a blowing 
agent, whereby even when the amine compounds of the 
present invention were used as catalysts, no distinct 
effects were observed with respect to the flowability, 
thermal conductivity and dimensional stability of the 
foams . 

EXAMPLES 25 to 34 

The polyol, the blowing agent and surfactant were 
mixed in the mixing ratio as shown in Table 9 to prepare 
premix A. 48.6 g of premix A was taken into a 300 mG 



- 42 - 

polyethylene cup, and the catalyst shown in Table 9, was 
added in an amount such that the reactivity would be 45 
seconds as represented by the following gel time, and the 
temperature was adjusted to 20°C. A polyisocyanate 
liquid (MR-2 00) having the temperature adjusted to 2 0°C 
in a separate container, was put into the cup of premix A 
in an amount such that the isocyanate index (molar ratio 
of isocyanate groups/OH groupsxlOO) would be 110, and 
quickly stirred by a stirrer at 6,500 rpm for 3 seconds. 
The mixed solution obtained by stirring was transferred 
to a 2S polyethylene cup adjusted to a temperature of 
40°C, whereupon the reactivity during foaming was 
measured. Then, the starting material scale was 
increased, and the mixed solution was put into a mold 
adjusted to a temperature of 40°C in the same manner, and 
foam molding was carried out. Upon expiration of 10 
minutes from the time when the mixed solution was 
introduced, the foam was removed from the mold. From the 
molded foam, the flowability, the core density, the 
thermal conductivity and the dimensional stability of the 
foam, were evaluated. The results are shown in Table 10. 
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COMPARATIVE EXAMPLES 49 to 58 

The polyol, the blowing agent and surfactant were 
mixed in the mixing ratio as shown in Table 9 to prepare 
premix A. 48.6 g of premix A was taken into a 3 00 mfi 
5 polyethylene cup, and the catalyst shown in Table 9, was 
added in an amount such that the reactivity would be 4 5 
seconds as represented by the following gel time, and the 
temperature was adjusted to 20°C. A polyisocyanate 
liquid (MR-200) having the temperature adjusted to 20°C 
10 in a separate container, was put into the cup of premix A 
in an amount such than the isocyanate index (molar ratio 
of isocyanate groups /OH groupsxlOO) would be 110, and 
quickly stirred by a stirrer at 6,500 rpm for 3 seconds. 
The mixed solution obtained by stirring was transferred 
15 to a 2fi polyethylene cup adjusted to a temperature of 
40°C, whereupon the reactivity during foaming was 
measured. Then, the starting material scale was 
increased, and the mixed solution was put into a mold 
adjusted to a temperature of 40°C in the same manner, and 
20 foam molding was carried out. Upon expiration of 10 
minutes from the time when the mixed solution was 
introduced, the foam was removed from the mold. From the 
molded foam, the flowability, the core density, the 
thermal conductivity and the dimensional stability of the 
25 foam, were evaluated. The results are shown in Table 10. 
As is evident from Table 10, in the method for 
producing a rigid polyurethane foam employing 1,1,1,3,3- 



pentafluorobutane (HFC-3 65fa) as a blowing agent, a foam 
excellent in the flowability, thermal conductivity and 
dimensional stability can be produced by using the amine 
compound of the present invention as a catalyst. 

Namely, Examples 2 5 to 34 are Examples wherein rigid 
polyurethane foams were produced by using the catalysts 
of the present invention, and in each of them, a rigid 
urethane foam excellent in the flowability, thermal 
conductivity and dimensional stability, was obtained. 

Whereas, Comparative Examples 49 to 53 are Examples 
wherein 1 , 1-dichloro-l-f luoroethane <HCFC-141b) was used 
as a blowing agent, whereby even when the amine compounds 
of the present invention were used as catalysts, no 
distinct effects were observed with respect to the 
flowability, thermal conductivity and dimensional 
stability of the foams. 

According to the method of the present invention, a 
rigid polyurethane foam excellent in the flowability, 
thermal conductivity and dimensional stability of the 
foam, can be produced without impairing the physical 
properties of the foam, even if 1,1,1,3,3- 
pentafluoropropane (HFC-245fa) and/or 1,1,1,3,3- 
pentafluorobutane (HFC-365mfc) is used as a blowing 
agent . 

Further, according to the method of the present 
invention, it is possible to obtain a foam physically 
comparable or superior to the foam produced by using a 
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conventional blowing agent (HCFC-141b) . 

The entire disclosures of Japanese Patent 
Application No. 2001-200960 filed on July 2, 2001, 
Japanese Patent Application No. 2001-221551 filed on July 
23, 2001 and Japanese Patent Application No. 2001-221552 
filed on July 23, 2001 including specifications, claims 
and summaries are incorporated herein by reference in 
their entireties. 



